Since 1991, the Ontario Laboratory Proficiency Testing Program has assessed the analytical performance of creatine kinase (CK; EC 2.7.3.2) isoenzyme-2, using fresh human serum supplemented with purified human CK isoenzymes. In Ontario, the 142 laboratories licensed to analyze CK-2 use a variety of methods: electrophoresisbased, immunoinhibition, and mass assays. During a 1992 survey, duplicate CK-2 samples with different total CK activities showed poorer precision when analyzed after electrophoreticseparation than by any other method.
The success of a pildt study in 1991, using fresh frozen human serum supplemented with purified human CK-3 (CK-MM) and CK-2, has led to the current use of a twice-yearly fivevial survey to assess the provincewide performance of CK-2 (and total CK) assays. The Enzymes and Lipids Committee noticed an immediate improvement in assay precision on duplicate total CK vials with the new material. However, it became apparent that there was a disharmony between CK-2 measured after electrophoretic separation of the CK isoenzymes and all other CK-2 methodologies used in Ontario (2). On further investigation, we were able to show that electrophoresis is not an accurate method for the determination of CK-2 activity because of proportional interference from CK-3 activity. We now report the results of three provincial surveys of total CK and CK-2 determinations, and of some limited studies with patients' specimens, which tend to validate such a conclusion.
Materialsand Methods

Testing materials.
All (Fig. 1) . The difference between duplicates ranged from 5% to 334%. In the same respective surveys, 24,37, and 41 laboratories used the Abbott IMx mass assay to determine CK-2 (Fig. 2) . The difference between duplicates ranged from 5% to 25%. Similarly, 29, 24, and 21 laboratories, respectively, used electrophoretic separation for determining CK-2 activities in the three surveys (Fig. 3) . The difference between duplicates ranged from 5% to 152%. and an assay temperature of 37#{176}C for total CK activity determinations were compared (Fig. 5) , and are shown with their 95% confidence intervals.
Confirmatory study. The CK-2 activities determined on the four aliquots of the survey materials were compared with the CK-3 activities (Fig. 6) . The CK-2 activity and fraction of total CK activity were determined in the dilution study (Fig. 7) . Table 1 ). BarsIndIcate 95% confidenceintetvals. Vial C results were not significantly different from the results forvialB (P = 0.224) but were significantlydifferent from vials E (P 0.03) and D (P <0.001). User inquiry. Of the 25 laboratories using electrophoresis, 52% used a Beckman Appraise (Beckman Instruments, Carlsbad, CA) densitometer; 36% used a Helena EDC densitometer;
and the remaining three laboratories used either a Gelman (two) (Gelman Services, Ann Arbor, MI) or an older Beckman (one) densitometer. All used fluorescence detection and all used a total CK activity limit according to the manufacturers' instructions. An aliquot of fresh human serum was prepared to contain 796 and 150 U/I of total CK and CK-2, respectively. CK-2 activityandfraction of total CK activity were determined, three times, on serially diluted specimens, and plotted wIth the 95% confidence Intervals.
Discussion
Many groups have compared CK-2 activities determined after CK isoenzyme electrophoresis with a variety of CK-2 immunoinhibition or mass assays (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . None, with one exception (12) discussed below, have reported the inaccuracy found by us in our quality assurance surveys and subsequently confirmed by limited studies on patients' specimens.
One possible explanation for this anomaly lies in the almost universal use of correlation coefficients and regression plots to show association between results; such presentations can obscure lack of correlation as much as demonstrate it. Indeed, Bland and Altman (15) have gone as far as suggesting that this type of statistical analysis is inappropriate for such comparisons; instead, they recommend the use of the bias plot to replace this misleading form of analysis. Undoubtedly, our findings suggest that unless the two variables-CK-2 and CK-3 activitieswere together taken into account, the muted relationship with CK-2 mass would not have been discerned. Another explanation lies in the small but statistically significant magnitude of the effect (described below). the use of purified human CK isoenzymes. Thus, although mass assays would measure both active and inactive CK-2 molecules-as occurred with the previous material that we used (1 )-measurements of CK-2 astivity might measure a lesser fraction of CK-2. However, it is clear from Fig. 4A that activity measurements agree with the mass assay results (Fig. 4B) . Also, within the expected variabifity of results, activities measured with various immunoinhibition methods (2) do agree with results obtained by electrophoresis (Fig. 4C) , provided the total CK activity is low. Accordingly, we concluded that the effect we observed was not due to a method-material interaction.
The results from our limited study with patients' specimens (see below) confirm the survey results: CK-2 measurements obtained after electrophoretic separation appear to be inaccurate. Each method has a scatter of results (Figs. 1-3) . The majority of the immunoinhibition results ( Fig. 1) were duplicated within 25%; the mass assay performance was clearly superior (Fig. 2) . Obviously, the duplications shown in Fig. 3 simply do not come close to comparing with either immunoinhibition or mass assays. it is also clear from to the total CK activity (Fig. 5 ). This conclusion was confirmed by the results obtained in a single laboratory (Fig. 6) ; it is therefore possible for any laboratory to establish the "total CK" effect for their electrophoresis-based technique by using this approach. We believe that the survey findings tend to be substantiated by our experiments with patients' specimens. First, the addition of purified CK-3 altered the reported CK-2 activity in a patient's specimen (Fig. 8) . Second, sera with identical CK-2 activities, but differing CK-3 activities, had different amounts of CK-2 when a mass assay was used; however, CK-3 activity influenced the determination of CK-2 activity when electrophoretic separation of the CK isoenzymes was used. From the pooled results of all 19 laboratories, apparently CK-2 activity increases by 4 UIL for every 100 UIL increase in total CK activity. In a single experiment with one densitometer, the CK-2 activity increased by nearly 6 U/L for every 100 U/L increase in total CK activity (Fig. 6) . What, in practice, is the effect of this type of error? A CK-2 activity of 9 U/L at a total CK activity of 200 U/L (CK-2 fraction 4.5%) would be measured as between [9 + (8 x 4)] and [9 + (8 x 6)1, i.e., 41 to 57 UIL, when the total CK activity was 1000 UIL (CK-2 fraction 4.1% to 5.7%). Depending on the laboratory's interpretative algorithm, such a result could be regarded as abnormal. Therefore, the effect we have described is likely to lead to false-positive results. The Committee had expected that the results from the user inquiry might explain why some laboratories obtained good CK.2 duplication while others did not. However, the routines used were those recommended by the manufacturer, and densitometer performance was checked regularly. In addition, there was a random spread to the magnitude of duplicate results, as seen by inspection of Table 2 . Good performance was followed by poor performance and vice versa, while other laboratories consistently showed similar performance in all three surveys. We had hoped to establish a model routine, e.g., that followed by laboratories that had performed well, to be used by others; this was clearly not possible.
The duplications shown in Figs. 1 and 2 refer, respectively, to the direct determinations of CK-2 activity and mass, whereas Fig. 3, reporting electrophoresis results, also shows a determination of activity but a deterinination that is obtained indirectly from the proportional area under a peak or by peak height. Operationally, the effect uniquely obtained with electrophoresis is that of overestimating the area (or peak height) of the CK-2 peak as the proportion of CK-3 increases-an effect that, though small, is significant. Our dilution experiment, carried out within the verified linearity limits of the Helena REP! EDC densitometer, showed that the CK-2 fraction remained essentially constant over the range of dilution (Fig. 7) ; therefore, the linearity effect we document appears when the CK-3 fraction varies between samples.
Until now, CK-2 activity determinations after electrophoretic separation of the CK isoenzymes have been regarded as the gold standard for CK-2 assays. Our results suggest that such an assumption is not warranted. Indeed, it seems likely that CK-2 mass assays, with highly specific monoclonal antibodies, may be the 
